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TECHNICAL  MEMO| 


! TM-599 


DIRECTIVITY  PATTERNS  OF  A 5-ELEMENT  LINEAR  SUPER- DIRF:CTIVE  ARRAY  ' 
Fusing  PRITCHARD  a nd,bryn,sha'ding ^methods,  ' ''  \ 

Code  3130)  (2^5^001^3^  I (8051) 


NEL  L3-2 


NEL/TM  599 


lnfonmtlo&  it  eootmln»  my  ^ UMful  to  otber»  vorklag  in  alliad  fields 


&t  SKL,  •ad  to  • f«w  p«rsoxM  at  •etivitiM  ootaide  RBL.  It  ahouLl  not 
ba  conatroad  aa  a report  alziee  Ita  only  fVeetioo  ia  to  praaant  iaforoA 
tlon  oo  a saal^  portion  of  the  work  on  SIL  Trotolasi  L3>2. 


OBJECT 


Tb  eoo^are  two  dlffsreot  typM  of  shadijig  for  a linsar  array  coi9oa«d 
of  5 eLaae&ta  apacad  at  A A intarvala.  Ona  akathod  Prltchard(^)  aeta  a 
fixad  alaor  loba  Xewal  and  dcteratnea  the  faetora  by  ualng  the 

Tachabyebaff  polynoalal^  Iha  aeoond  aatbod  was  davaloped  by  Flan  BryaC^)* 

Pritchard 'a  aatbod  of  ahadlng  follova  the  proeadare  developed  by 
Do2pb^3)  •Bd  Blblat^^^  in  prcacrlblog  a certain  level  for  all  lohea 

vod  aagpLoya  the  iSachabyebeff  polynoalal  to  deteraine  the  ahadiag  faetora 
required  to  produce  the  dealred  pattern.  However,  Pritchard  extenda 
aethod  ao  that  It  nay  be  applied  to  eoaqpenaated  or  "ataered”  arraya. 

cocaldera  the  second  order  cross  aowant  of  toiae  received  at  two 
hydrophoDes  and  develops  a nethod  which  ioplesKota  the  Veyean-Paaraon  like*' 
lihood  ratio,  thus  optioizing  this  signal •to-noise  ratio.' 

FROCEDUHB 

Coaq^arlaona  were  md^  for  patterns  ateered  in  the  direction  of  the 
airay  nozml,  l.e.,  Og  « 0*j  for  32^25  frea  the  array  norml,  • 32^25; 
and  and  fire,  Pg  ■ 90*. 

The  Bryn  aethod  aseuaee  electronic  syatea  nolae  of  Itaa  Intensity  than 
the  background  noise,  while  the  unshaded  and  ahsdi^  patterns  using  the 
?aebebyeheff  type  shading  do  not  eonsldar  systan  noisa. 

KSSULIB 

The  calculated  patterns  as  stovn  in  figurea  1>}5  and  tables  1«3  give 
a coB^ariaon  of  tha  bean  width  and  ninor  lobe  levels. 


Discussion 


Whan  6^  * 0*^  Pritchard's  shading  prodMcaa  Um  hast  pattam,  that 
Is  tha  narrowast  haaa  vldth  vith  aeoaptabls  aiaor  Ihba  lavnla. 

Vhaa  tha  array  Is  eoapensatad  for  32.2?*^  Pritchard's  nathod  prodacas 
Idw  ■Saor  loha  lavals,  hot  haaa  vldths  haeona  oxcasslva.  Bryn's  nathod  of 
shading  narrows  tha  haan  vidth  hat  the  nlnor  loba  IstcI  at  490*  is  only 
-3.6  db  and  at  -$0*  is  8.7  db  vhen  a noise  ratio  of  la  used. 

At  end  firs  oparatiOD  Bryn's  nathod  producas  tha  narrowest  hean  widths 
vith  acLnor  lohes  no  hlf^bar  than  >11  dh.  Pritchard's  asthod  gtras  a vary 
broad  baaa  width,  hat  tha  praacrlhed  nlaor  lobe  lavsla  arc  realised. 


CQRCIUSIQRB 

Fron  the  United  aatber  of  results.  It  Is  conoluded  that  Pritehard 's 
aethod  reaulta  in  low  nlnor  lobe  lavela  without  hroadaning  the  nain  loba 


unduly. 

c 

Bryn 'a  nathod  rsaxilta  In  narrow  nain  Lobaa,  but  at  tha  priea  of  higher 
nlnor  loba  lavala,  or  an  Incraaaed  number  of  nlnor  lobaa.  Also,  the  nathod 
of  shading  la  sensitive  to  tha  noise  ratio  (ayatan  noiaa  to  anblaot  nolsa). 
A change  in  either  or  both  nay  produce  a suhatantlal  obanga  in  tha  direc- 
tivity pattern. 


It  is  not  intended  that  these  resnlta  should  ha  arbrapolatad  to  Longar 
arrays;  each  array  needs  to  ha  atudlad  Individually* 
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APVEHSXX  K 

Matliod  of  Shodlng  for  o Llaodr  Amqr 
C.J*  K/leoar 


In  tb«  eourM  of  pattern  oaloalAtlocs  • oonstant  atteai^  «m  nsde  to 
reduce  tbe  oaeawr  of  operetlonc  to  a nlnl—.  Bw  follovlac  1«  tbe  aetbod 
idileh  vaa  finally  adopted. 

1.  VJrlte  tbe  aatrlx  {^1  whoee  el— ante  are  tbe  noraalised  correlation 
ooemelents  (E<i.  A 2.8  of  Appenllxs2  of  Kef.  2} . Torm  tbm  reciprocal 
■atrlx  f<)*‘^  'vltb  eleaenta  r^. 

2.  10  coepensate  for  a direction  nBltlply  eaeb  1>y  e"^^. 


vhare 


• b * kd  slA  and  k ■ ^ * 


3»  Bm  filter  transfer  foaetloo  or  eooplex  shading  eoafflolent  1» 


r L . 


’ U.  To  obtain  the  response  of  each  filter  to  sound  arrlrlag  froa  direction 
9t  Multiply  each  filter  function  e*^  by  e^^,  vhare  7^  1 kd  slsf>. 


5.  fha  diraotlvlty  function  R(6»9a)  « X Z^e^  • e^ 


Bjcaagpltt 

A flv»-«lnwnt  Ilasar  array  vith  X/k  ele— nt  •paeiag*  Systan  aotae 
to  aablaat  boIm  ratio  lO'^. 


X.  the  lul^  and  aatrleaii: 
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2.  To  coagpcuMte  for 
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3.  Filter  Transfer  Functions. 
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Repeat  for  other  values  of 
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AekzMvLedeMut 


V«rioiis  di»eu«*ioiui  vltb  Buzvell  B.  Oood*  ax*  gr»t«i\a.Iv 

acBscwladsed.  Ha  also  oada  available  to  the  author  ooaputer  resulta  ehi* 
vera  uaad  la  the  preparatloa  of  thla  nestoraodoo' 


Figure  5.  5-Element  Linear  Array.  X/4  Spacing.  9^  ■ 0*.  Br3rn 
Shading.  Noise  Ratio  lOr” . Beam  Width  32*.  Highest 
Minor  Lobe  Level  -13  db. 


['■’iRure  fi.  5-F]lffment  FJnear  Array.  ' /4  Sparing,  ■ 32°25. 

Unphaded.  Beam  Width  54*.  Higiiest  Minor  I.obe 
Level  -12  db. 
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Figure  7,  5*Element  Linear  Array.  \/4  Spacing.  • 32^25. 

Pritchard  Shading.  Beam  Width  53*.  Highest  Minor 
L«be  Level  -15  db. 
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Figure  13.  5-Element  Linear  Array.  X/4  Spacing.  ■ 90*. 

Pritchard  Shading.  Beam  Width  112*.  Highest 
Minor  Lobe  Level  -24.  6 db. 
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